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A single application of a water-miscible crcam base contain-
ing the recently identified mitosis inhibitory epidermal pen-
tapeptide pyroGlu-Glu-Asp-Ser-GlyOH (EPP) to hairless 
mouse skin is followed by a long-lasting period of reduced 
epidermal cell proliferation. To examine if a similar growth 
inhibition cou ld be achieved in stimulated and rapidly prolif-
eraring epidermis, EPP was applied at two different concen-
trations, 0.005 or 0.02%, to hairless mouse skin immediately 
after exposure of the left flank to an erythemic dose of ultra-
violet Blight (UVB) . This dose of UVB alone induces a 
sustained period of rapid epidermal cell proliferation, starting 
at about 18 h after the irradiation. Epidermal celll'rolifera-
rion was followed from 18 to 54 h (0.005% cream) or from 
T he regulation of cell proliferation and differentiation in epidermis is complex and probably depends upon the balance between stimulators, inhibitors, and mod-ulators [for reviews see Refs 1-4]. How such factors monicor cel l renewal in normal and regenerating epi-
dermis is still largely unknown. However, it is probable that epider-
mal growth and maturation are in principle controlled according co 
a negative feedback principle 15-7]. 
Recently, a mitosis inhibitory epidermal pentapeptide (EPP) was 
isolated and purified from water extracts of mouse skin [8]. This 
endogenous factor has been shown to reversibly inhibit epidermal 
mitotic activity in vivo and in vitro and could possibly represent a 
signal substance in a negative feedback regulacion of epidermal cell 
renewal. The peptide also enhances terminal differentiation in cul-
tured mouse epidermal cells [8,9]. The effects of intraperitoneal 
(i.p.) as well as topical application ofEPP on normal epidermal cells 
arc well characterized [10,11], but little is known about the effect of 
this factor on stimulated epidermis. Experiments with topical appli-
cation of an EPP cream have, however, indicated thar the hyperpro-
iiferation thar follows treatment of hairless mouse epidermis with a 
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18 to 30 h (0.02% cream) after the treatment by estimating 
the rate of G,-M cell flux (the mitotic rate) by means of 
Colcemid, and epidermal DNA synthesis by counting la-
beled cells after rulse-labeling with ' H-thymidine. The un-
irradiated side 0 the mice was used as reference. The results 
showed that topical treatment with a 0.02% EPP cream par-
tially inhibited VVl3-induced epidermal hyperproliferation, 
while the 0.005% EPP cream inhibited as well as stimulated 
rhe VVB-induced hyperproliferation. Thus, EPP is effective 
even in rapidly proliferating epidermal cell populations, but 
the outcome is obviously dose-dependent in this test system. 
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neutral cream base was panially prevented by addin~ the penta pep-
tide to the cream base at a concentration of 0.02% II 1]. 
In the present study we ~xamined how different concentrations of 
EPP cream acted upon ultraviolet B (UVB) irradiated epidermis. A 
single, erythemic dos~ ofuVB induces alterations in the panern of 
epidermal cell renew21 that ue ch2racterized by an initi21 period of 
inhibited cell proliferation. followed by a second period of increased 
rate of cell proliferation, eventually leading to hyperplasia 112]. 
This assay system was used to study whether topically applied EPP 
c.ream could modulate the UVB-induced epidermal hypcrprolifera-
tlon. 
MATERIALS AND METHODS 
Animals Female hairless mice (Hr/ Hr Oslo strain, from Bom-
mice, Denmark) 60-to-90 d old. were used in all experiments. The 
animals were kept eight to a cage in a room with a 12 h light-dark-
ness rhythm (0730-1930) with controlled temperature and humid-
ity; they were giv~n a standard diet and water ad libitum. 
Chemicals Colcemid (CIBA-Geigy AG) was supplied as a 0.1 % 
solution by the hospital pharmacy. 3H-thymidine (lHTdR) 
(spec,act. 5 Ci/mmol) was obtained from Amersham, UK. A water-
miscible cream base was supplied by the hospital pharmacy and 
consisted of cetanol 8%. cetomacrogol 1000 2%, para.ffinum liq. 
5%, v2selinum alb. 15%. glycerol 3%, spiritus conserv. with 
methyl- and propyl p-oxibenz. 1%, and aqua pur. ad 100%. 
Peptide The epidermal pentapeptide pGlu-Glu-Asp-Ser-GlyOH 
was custom synthesized by Peninsula Laboratories, CA. The peptide 
was stored dry at -20 ·C. The final prepantion was made immedi-
ately before use. 
Ultraviolet Source and Irradiation Method An Oriel 200 W 
Hg arc lamp dispersed by an Oriel?? 250 single grating monochro-
mator was used. The back skin of the animals was exposed to a 
wavelength of 297 nm with a half bandwidth set at 5 nm. The 
0022-202X/90/S03.50 Copyright © 1990 by The Society for Investigative Dermatology. Inc. 
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flue nee rate was dcrcnnined with a Se-detecror (Saven AS, Oslo, 
Norway). and ranged becween 0.26 and 0.2B mW Icm'. The area of 
skin exposed to UVB was held in a special pairofforceps, which was 
joined to a cylinder connected to the monochromator. The irra-
diated area was marked with India ink after exposure. Skin tempera-
Nrc mC2suremenrs with an Exacon Thermometer Me 8700 during 
the exposure period showed that heat production could be ne-
glected. 
Experimental Design The left flanks of the animals were ex-
posed to 25 mJ/cm' UVB at 297 nm. The right flanks served as 
u"irradiated comTois. The irradiated animals were divided into two 
groups. In one of the groups, a freshly prepared 0.02% peptide 
cream was applied to the back skin of foUI of the mice in a cage of 
eight immediately after the irradia tion. The remaining four animals 
in the cage were used as controls and treated with the cream base. In 
the second group, four of the animals in the cage received a 0.005% 
peptide cream; the remaining four were used as controls and only 
the cream base was applied. The peptide cream-treated groups were 
kept separate from the controls for about 30 min after application. 
Each animal received 0.15 mg Colcemid i.p. 3 h before death [13J 
and 30 JiCi JHTdR i.p. 30 min before death. Groups of eight ani-
mals were killed by neck ffdcture at various times from 18 to 54 h 
after irradiation and cream application. 
Mitotic Rate The rate of entry of cells into mitosis in the basal cell 
layer of inter follicular epidermis (G2-M cell flux) WitS determined in 
sections from irradiated and un irradiated areas. After routine dehy-
dration and paraffin embedding the sections wert~ cut at 5 Jim and 
sui ned with hematoxylin. The numberofColcemid-arrested meta-
phases was counted in 25 vision fields at 40 X magnification. 
Labeling Index Epidermal DNA synthesis was determined by 
means of autoradiography after i.p. injection of30J-lCi 3HTdR. The 
skin sections were processed as described above, dipcoated with 
Kodak NTB 2 emulsion, and exposed for 3 weeks in the cold. After 
development, the sections were stained with hematoxylin. Labeled 
cells were coumed in 25 vision fields at 40 X magnification, using 
four grains over the nucleus as lower limit. 
Statistics All results were evaluated statistically by the Student's 
[-tcst of significance. The vertical bars in Figs 10 and 11 represent 
the standard deviation. SD, according to the equation: 
SD _ ± ~f.PP ~(S=-M,",,)' + (S=-MEPp)'. 
XbaK X,- Xup 
where Xepp = the mean of the: peptide cream treated skins, ~ = 
the mean of the cream base: treated skins. and SEM = standard error 
of the mean. It should be noted that the SD of ratios. as calculated 
according to the equation given above, were not used for sta tistical 
evaluations. 
RESULTS 
Cream Base The effect of the cream base on epidermal cell prolif-
eration was also evaluated in mice that were not exposed to UVB 
irradiation. In this experiment groups of four mice were killed :l.t 
different intervals after application of the cream base at 3 h after 
rcceiving Colcemid, The remaining four mice in each cage served as 
untreated controls. To gc:t a morc complete registration of the circa-
dian rhythm. additional control data were taken from the untreated 
side of the animals that had been irradiated but had not received the 
pcntapeptide, 
Figure I shows that a single application of cream base to untreated 
hairless mouse skin induced a shorr period of reduced epidennal cell 
proliferation. followed by a wave of increased mitotic rate that 
lasted for 3 d. The circadian fluctuations in the mitotic rate of 
epidermal basal cells in the controls were a sinusoidal curve, as 
shown by the dolted litU~ in Fig 1, with highest values at noon, and 
lowest by midnight. 
0.005% EPP Cream In accordance with Fig I, a wave of rapid 
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Figure 1. The mitotic rolfe (measured as the number of Colcemid-arrested 
mitoses per 25 vision fields per 3 h) in hairless mouU' epidermis at various 
tilllesafter tre:atment with asingle. topical applic.:ation of the cream base. The 
dotted lint shows the circadian fluctuations in the mitotic rate of epidennal 
basal cells in [he controls. The results are given as mean ± SEM. 
epidermal cell proliferation was seen from 18 to 42 h after applica-
tion of the cream base to unirradiated skin (Figs 2 and 3). Both the 
mi totic rate and the labeling index were further increased in the 
animals that had received the 0.005% EPP cream. This difference 
was statistically significant only at 24. 30, and 54 h for the mitotic 
rate (p < 0.05). and at IB and 48 h for the labeling index (p < 
0.0005). Figures 4 and 5 show that the cream base-induced hyper-
proliferation was abolished by UVB irradiation. Instead, both the 
mitotic rate and the labeling index increased from 18 h aftcr the 
treatment. The labeling index values attained a maximum at 42 h, 
while the mitotic rate was still increas ing when the experiment was 
tenninated. Here too, the number of labelcd cells was further in-
creased in the animals that had received the 0,005% EPP cream with 
significant differences ar l B. 24. and 30 h (p < 0.05). The mitotic 
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Figure 2. The miwtic roue (measured as the number of Colccmid-.:Irrested 
mitoses per 25 vision flelds per 3 h) in hairless mouse epidennis .:I t v.:lrious 
tllnes after a single application of 0.005% EPP cre:r.m or cream base. The 
results :lore given as mean ± SEM for four antmals. ASltrisk indicates p < 
0.05. 
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Figure 3. The labeling index (measured as the number oflabded cells per 
2S vision fields) in hairless mouse epidermis at various timrs after a single 
application of 0.005% EPP cream or cream base. The results are given as 
mean ± SEM for four anllnals. A.s(crisk indicates p < 0.01. 
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Figure 4. The variations in the mitotic rate (mellsured as the number of 
Colcemid-arreSted mitoses per 25 vision fields per 3 h) in epidermis exposed 
to a MED of uvn irradi.uion at 297 nm and immediately treated with a 
single application of 0.005% EPP cream or cream base. T he results are give n 
as mean ± SEM for four anima ls. Asterisk indicates p < 0.01. 
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Fig ure S. Thr vari;uions in the labeling index (measured as the number of 
labeled cells per 25 vision fields) in epidermis exposed to a MED ofUVB at 
297 nm and immediately treated with a single application of 0.005% EPP 
cream or cream base. The results are given as mean ± SEM for four animals. 
Asttrisk indicates p < 0.05 . 
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Figure 6. The mitoric rate (measured as the number of Colcemid~arrested 
mitoses per 25 vision fields per 3 h) in epidermis after a single application of 
0.02% EPP cream or cream bllSe. The resu lts are give n as mean ± SEM for 
four animals. As(erisk indicates p < 0.005. 
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Figure 7. The labeling index (measured as the number of labded cells per 
25 vision fields) In epidermis ;tfter:l single application of 0.02% EPI) cream 
or cream basc. The results :lrc given as mcan ± SEM for four :animals. Asttr-
isle. indicates p < O.OS. 
rate was modified in a more complex way :;md was significantly 
enhanced at 30 h (p < 0.01). but reduced at 48 h (p < 0.01). 
0.02% EPP Cream Only four points of time were examined in 
this series of experiments. Figures 6 and 7 show thar here too, the 
rate of cell proliferation was high during the first half of the obser-
vation period in the unirradiated areas because of the cream base 
effect, while it was low at 18 h and steadily increasing after 21 h in 
the irradiated epidermis (Figs 8 and 9). The epidermal cell kinetic 
response to this concentration of EPP in the cream was, however, 
different from that seen after application of the weaker one. In 
unirradiated epidermis, both the mitotic rate and the labeling index 
were significantly reduced at 21 h (p < 0.005 and p < 0.05. respec-
tively) (Figs 6 and 7). 
In UVB irradiated epidermis the inhibitory effect of EPP was 
even more pronounced (Figs 8 and 9). Except for at 21 h, the label-
ing index was significantly reduced at all rimes (p < 0.025). The 
effect on the mitotic rate was less obvious, but a significant inhibi-
tion was observed at 30 h (p < 0.025). 
The effect of EPP on the UVB-induccd hyperproliferation is 
better visualized in Figs 10 and II, which display the ratios between 
the growth parameters in the irradiated and unirradiated epidermis 
in mice treated with either cream base or 0.02% EPP cream. At 30 h 
the ratio between the labeling index in the irradiated and unirra-
diated epidermis treated with 0.02% EPP cream was about I, while 
it was almost 2 in those that had received the cream base (Fig t 1). 
This means that the 0.02% EPP cream abrogated the UVB-induced 
increase in epidermal DNA synthesis at this point of time. The 
ratios between the mitotic rates were less than 1.0 at 24 and 30 h, 
indicating that the mitotic rate was still inhibited by the treatment at 
the end of the experiment (Fig 10). Here too. however, the ratio was 
lower for the EPP-treated groups, signifying that the inhibitory 
effect of EPP was more pronounced in the irradiated mice. 
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DISCUSSION 
Mouse epidermis responds to a single exposure of a minimal ery-
thema dose (MED) of UVB at 297 nm by an initial inhibition of 
epidermal cell proliferation, lasting for about 18 h after the irradia-
tion [12[. During this period of time the G,-M cdl flux (the mitotic 
rate) and the number of 3HTdR-labeled cells a.re reduced, while 
cells transiently accumulate in the S phase of the cell cycle. as dem-
onstrated by means of flow cytometry. The initial inhibition is then 
followed by a sustained increment in che rate of epidermal cell 
proliferation, lasting for about 60 h. In the present study, this latter 
period of rapid cell proliferation was chosen for examining the 
effects of different concentrations of epidermal penta peptide creams 
on hyperproliferating epidermal cells. 
The p:mcrns of epidermal cell kinecics that were observed in the 
present study comprised the composite effects of at least fou r differ-
ent factors that influence epidermal cell proliferation, i.e., the UVB 
exposure [12[. the EPP cream [8.9[. the cre.m base [11]. and the 
normal circadian rhythm (14]. The conclwions with regard to the 
effect of the EPP creams on UVB-irradiated epidermis must there-
fore be drawn with caution. An erythemic dose of UVB has, as 
described above, significant effects on epidermal cell proliferation. 
The application of a 0.02% EPP cream induces cell kinetic pertur-
bations in normal hairless mouse skin chancterized by periods of 
depressed rate of cell proliferation followed by short overshoots 
[II}. The epidermal response of the two latter factors are demon-
strated in Fig 1. As can be seen here, the epidermal mitotic rate is 
highly influenced both by the circadian rhythms as well as by appli-
cation of the cream base. 
The two concentrations of EPP apparently had different effects 
on the epidermal hyperproliferation caused by UVB. The 0.02% 
EPP cream reduced the stimulated epidermal cell proliferation at 
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Figure 8. The variations in the mitotic r:lte (measured as the number of 
Colcemid-arrcsted mitoses pe:r 25 vision fields per 3 h) in epidermis exposed 
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most of the observation times, while the weaker 0.005% EPP cream 
reduced as well as augmented the UVB-induced increase in the 
mitotic rate and labeling index. The differences between the two 
cream concemrations could be related to EPP cream-induced varia-
tions in the duration of the various cell cycle phases. The mi[Qric 
rate is a dynamic parameter that directly estimates the G2-M cell 
flu x, while the labeling index isa static parameter in the sense that it 
only gives information about the number oPHTdR-incorporating 
cel ls at the time of injection oflabcled thymidine. The high labeling 
index foll owing 0.005% EPP cream could thus signify a prolonged 
S phase duration at the points of time when the entrance rate of ce lls 
into mi[Qsis was nonnal. This si tuation was observed at 18 and 48 h 
in unirradiated epidermis (Figs 2 and 3). The subsequent increases in 
the mitotic rates at 24 and 54 h could then be due to a release of cells 
from the preceding inhibition in S phase. In UVB irradiated epi-
dermis there were also discrepancies between the labeling index and 
the mitotic rate at 18 and 24 h, indicating a delay in cell progression 
through the S phase. However, because both parameters were sig-
nificantly enhanced at 30 h, the weaker EPP cream also seemed to 
induce an increase in the cell proliferation. The stimu1ation was 
thus transient , and the subsequent period was characterized by a 
decreased entrance rate of ce lls in[Q mitosis. The observed discrep-
ancies deserve. however, further examination by means of addi-
tional cell kinetics methods, like flow cytometry. 
A single intraperitoneal or topical treatment with EPP is followed 
by a se ries of oscillations in epidennal cell proliferation [8,9,11]. 
This has been interpreted as a partial synchronization of the cell 
divisions. Thus, the periods of inhibited cell proliferation are fol-
lowed by overshoots, probably due to synchronous release of a co-
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hort of inhibited cells. The stimulatory effect of the 0.005% EPP 
cream could therefore be rdated to such a partial synchroniz<lition. 
Further studjes of the cell proliferation paccem during the first hours 
after treatment are needed CO clarify this issue. 
EPP seems to be most efficient when applied as a pulse treatment. 
Thus, OIl single i.p. injccrion of an effective dose of EPP is followed 
by a period of several hours during which the epidermal cells arc 
refractory to new treatments [101. The same is true even for other 
inhibitory peptide, belonging to the same category as EPP [t5, 16J. 
It is possible that the 0.005% EPP cream resulted in a slow rise in 
epidermal EPP concentration that was insufficient as a definitive 
inhibitory signal but made the cells less susceptible [0 the endoge-
nous epidermal pcntapeptide. 
At the present time, our interpretation of che results have to be 
speculative. More knowledge about the physiologic characteristics 
of EPP is obviously necessary to explain why a low dose of the 
peptide appears to inhibit as well as stimulate. whereas a higher dose 
only inhibits epidermal cell proliferation in mice that have been 
treated with UVB irradiation. The UVB exposure itself could poss i-
bly be a factor th:H complicates the reaction to EPP and other 
growth factors. Thus, UVB irradiation leads to a wide range oflocal 
and systemic effects. like activation of cytokines [17 - 191, alteration 
of the synthesis o f serum factors [20], and alteration o( cell mem-
brane receptors 121 J. At the present rime, we have no knowledge 
about the possible interaction between such factors and EPP, but it 
seems likely that the ultimate response to the penta peptide is depen-
dent on " the pattern or set of regulatory peptide molecules to which 
a ce ll is exposed" 14J. 
This lvork was performtd whitt W.M,O. was II follow oj tht Nonwgi"PI CtHl(tr 
S(}(itty (Dtll Norskt KrrJifore"i",~) . Mert le Culbrll"dwl is Ilcltllowledgedjor htr 
~xptrl ll:clltli(af Ilssistotlct. 
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